Background: Stroke rehabilitation that is based on the patients' needs, experiences, and priorities requires extensive knowledge and skills to capture and integrate the perspectives of the subject. Purpose: The objective of this study was to evaluate the acute effect of an occupational therapy protocol associated with virtual reality (VR) on the symmetry of body temperature (BTP), balance, and functionality of patients with stroke sequelae. Methods: Ten patients (69.84 ± 7.55 years) diagnosed with stroke between 2 and 10 years earlier were evaluated during clinical care sessions integrated with VR games. Associated with games, all patients were stimulated to use both upper and lower limbs and distribute body weight symmetrically, and perceptual stimuli of bodyhalf training, alignment, postural control, and balance were The mean of the bilateral asymmetry variation of the arm in the anterior position at the pre test was classified according to the level of attention monitoring (which means that the asymmetry rate is above normal), changing its state at the end of the intervention to normal. There was an increase in the functional independence score (p = 0.015, Cohen's d = 0.50) and in the static and dynamic balance function (p = 0.001, Cohen's d = 0.07). Conclusion: VR associated with occupational therapeutic planning can amplify and potentiate neurological recovery following stroke.
Introduction
Stroke is considered the leading cause of disability and death in the world [1] , and those affected by stroke tend to have sequelae in the motor, sensory, cognitive, perceptual, emotional regulation, communication, and language functions [2] .
In addition, motor dysfunctions and reduced sensitivity on one side of the body is known as hemiparesis [3] . Hemiparesis causes instability in maintaining control and postural alignment, as the patient tends to transfer body weight and hyperactivate the unaffected side while neglecting the affected side, making it hypoactive [4] . This condition causes the displacement of the center of gravity, resulting in imbalance and body asymmetry, which impairs the performance and execution of activities of daily living, predisposing the patient to the risk of falls and dependence on third parties [2, 5] . These mismatches can be identified through asymmetry analysis, performed through thermography [6] .
Therapeutic interventions aimed at this population aim to amplify and potentiate neurological recovery [3] . In this context, virtual reality (VR) has been used with the aim of stimulating pre-motor, perceptual, and cognitive abilities in order to maximize the performance of daily activities [7, 8] . However, it is not yet clear in the literature whether a therapeutic program allied to VR can improve body asymmetry and balance. Moreover, it has not been ascertained whether the gains in these motor components are directly related to the decrease in dependence on caregivers. The general objective of the present study was to evaluate the acute effect of a VR protocol associated with conventional practices to improve the motor skills, and our specific objectives were to quantify (1) the body thermal symmetry (2) the balance, and (3) the functionality of patients with stroke sequelae.
Methods
Ten volunteers, 4 women (mean age 67.08 ± 7.55 years) and 6 men (mean age 72.6 ± 7.2 years), who had been diagnosed with stroke between 2 and 10 years earlier, were selected by convenience sampling. Of these, 8 patients were classified as having moderate disability (Grade 3 requires some help but is able to walk unassisted, can use a walking stick or walker), and 2 patients were classified as having mild deficiency (Grade 2 -unable to conduct all activities, but able to take care of one's own interests) according to the Post-Stroke Functional Scale -Modified Rankin Scale [9] . Patients who were diagnosed with stroke (according to the International Classification of Diseases), absence of hearing, or vision or speech problems did not present disorders resulting from degenerative diseases, fibromyalgia, chronic pain, or degenerative neuromuscular diseases and who were not undergoing any physical rehabilitation care during the collection period were included in the study.
We excluded from the study patients who, after being evaluated by the Fugl-Meyer scale, presented total absence of movement or sensation on one side of the body, mental illnesses, severe cognitive deficit (evaluated by the Mental State Examination Scale, cutoff point of 18 for illiterates and 20 for literate patients), disc herniation, and/or were not given a medical release for the practice of physical activity.
Assessment of Body Symmetry
In order to evaluate body symmetry, thermographic images were taken before and after clinical care according to the procedures recommended by the European Association of Thermology performed in a room properly prepared without natural light, with artificial lighting supplied by fluorescent lamps, without airflow (HM-01, São Paulo, Brazil), at a temperature between 23 and 24 ° C, and relative humidity between 42 and 50% [10] .
Individuals were instructed not to perform vigorous physical activity in the previous 24 h, not to consume alcohol or caffeine, and not to use any type of cream or lotion on the skin in the last 6 h prior to the evaluation. Thermograms were obtained twice, before and shortly after the session. Each patient was advised to remain standing and not to make sudden movements, not to cross the arms, and not to scratch for a period of at least 10 min for acclimatization [11] .
Images were obtained by using a C2 thermal imager (Flir System, Stockholm, Sweden). It has a measurement range of -10 to 150 ° C, 2% accuracy, sensitivity < 0.10, infrared spectral band of 7.5-14 μm, refresh rate of 9 Hz, and a resolution of 80 × 60 pixels at a distance of 1.5 m, with emissivity set at 0.98 [12] . The images were then transferred to a computer and analyzed using Flir Tools software (Flir Systems, Stockholm, Sweden).
The selection of the body regions of interest (BRI) was based on the same rules used in studies by Marins et al. [11] . The anatomical points were as follows: (a) hand: junction of the 3rd proximal phalanx of the metacarpal with the 3rd styloid ulnar process; (b) forearm: cubital fossa up to distal forearm; (c) arm: cubital fossa up to axillary line; (d) thigh: 5 cm above the upper limit of the patella and inguinal line; (e) 5 cm below the patella and 10 cm above the malleolus. The corresponding anatomical points were also used in the posterior region.
After analysis, the body temperature delta (ΔTP) was calculated by subtracting the pre-and post-intervention body temperatures (BTP) and between the 2 limbs, considering asymmetry attention levels [11] (Table 1) .
Balance Scale
The Berg balance scale (BBS) was used for static and dynamic assessment of balance in 14 tasks performed, such as posture changes from sitting to standing, standing tasks with determined duration, changes in support base, functional range, and change in the center of gravity in relation to the median line and support base. The scores on this scale range from 0 to 4, totaling 56 points, where the higher the score, the better the balance and the lower the probability of falls [13] . 
Functional Independence Measure (FIM)
The subjects' level of functional independence in their daily activities was assessed through the following aspects: personal care, sphincter control, mobility, locomotion, communication, and social knowledge. The level of functional independence is scored between 1 and 7, where the need for care from third parties is measured according to the percentage of assistance that the patient receives in the 18 task units. After completion, the patient is classified in complete dependence (18-45 points), moderate independence (46-99), and complete independence (100-126) [14] .
Virtual Rehabilitation
Evaluations and re-evaluations were performed with the validated and standardized instruments already mentioned. A total of 30 sessions were held each week, of 60 min each, in which VR games were selected to favor bilateral and symmetrical movements.
The equipment used was the Nintendo Wii (Nintendo ® ) device with controls that were attached to the patient's wrists, a Kinect device to capture the patient's image and a projector that allowed the avatar to be viewed. The games used belong to Nintendo Sports ® . The VR protocol was drawn up using evidence from the literature, and after analysis, we selected boxing, bowling, snowboarding, swimming, and tennis games (alternating body side in each play) [15] . The games were selected from the skills that were required to achieve success in the match. In this way, the games require the patient to transfer weight to both sides of the body, increase the notion and perception of the middle of the body, and place the subject in situations where strategies to maintain balance are needed. Before each match, the patient analyzed each skill and was encouraged to think about the resolutions of problems that could occur during the game, such as loss of balance. In each session, lasting 60 min, the games were alternated and each patient performed 2 different modalities of the sports mentioned above. Each game was repeated about 3 to 4 times until the patient reached the necessary skill for marking points in the match.
Parallel to the execution of the games, principles of the Bobath Concept were incorporated during the sessions. All patients were stimulated to use both upper and lower limbs and distribute body weight symmetrically, and perceptual stimuli of body-half training, alignment, postural control, and balance were given. Extra materials such as mirrors, parallel strips on the wall were used to aid in body alignment, as well as balance equipment such as boards or 85 cm balls, in which the patient was positioned standing or in the kneeling position, respectively, in order to promote the reach of maintaining a good base of support and alignment of the line and center of gravity
Statistics
To verify the distribution of the sample, the Shapiro-Wilk and Levene test for normality and homogeneity, respectively, were employed, and the paired t-test was performed. To verify the effect size, Cohen's d test was used. Results were considered statistically significant at p < 0.05. All analyses were carried out using the Statistical Package for the Social Sciences (SPSS, IBM Inc., Chicago, IL, USA), version 20.0.
Results
The sample was predominantly male patients, mean age 65.66 ± 9.43, married, with incomplete elementary school, ischemic type of stroke, and a history of more than 1 stroke episode. All data are shown in Table 2 .
When the pre-and post-intervention effects were evaluated, upper-limb BTP was reduced after the inter- Table 3 shows in detail the BTP by body region verified before and after the intervention. The ΔTP of the arm in the anterior position at the pre-moment was classified as the level of attention "monitoring," changing its state at the end of the intervention to "normal." Lower-limb evaluation revealed that the asymmetry of the anterior leg presented the level of attention "alarming" (ΔTP° C between 1.1 and 1.5 ° C) in both pre-and post-intervention conditions (Table 4 ). Figure 1 shows the pre-and postintervention photochromatic variation by BRI quadrant analysis.
Regarding the variables functionality and balance, there was an increase in the FIM post-intervention score and the static and dynamic equilibrium function evaluated by the BBS. All values are shown in Table 5 .
Discussion
The objective of the present study was to evaluate the acute effect of the VR protocol associated with conventional practices working from the hypothesis that VR integrated into clinical care helps improve body symmetry, balance, and functionality in patients with stroke sequelae.
The use of technological resources to analyze body asymmetry was relevant because it is a reliable indicator of the effects of the intervention. A recent study [16] that used thermography in stroke patients (acute and subacute stage) indicated the use of this feature to monitor the function of both body sides in order to target the therapies of the rehabilitation team to asymmetry.
In this study, BTP was reduced in 4 BRI of the upper limbs and 2 BRI of the lower limbs. There was a significant reduction in temperature on the right side of the body, in the arm (p = 0.024), and in the anterior (p = 0.034) and posterior (p = 0.003) hand identified as the most active body portion even in bilateral activity. In the lower limbs, a reduction in BTP was observed in both right (p = 0.035) and left (p = 0.047) portions but only in the thighs of the volunteers -a region that was closer to the hip -which performed important work in the stabilization of body movements.
Thermography studies the BTP of the epidermis and can be modified according to muscle activity. Thus, the reduction of BTP can be identified as a beneficial factor. As with the increase of motor work during VR games, there was an increase in the muscular activity interfering in thermoregulation, thereby increasing the production of sweat and cooling of the skin. Therefore, a reduction of the BTP of the epidermis can be interpreted as muscular activation, which occurs similarly in other physical exercises and with consequent relevance to the patient with stroke for developing a dynamic action.
After the intervention, the asymmetry of the anterior (right and left) arm changed from the level requiring monitoring attention (ΔTP 0.5 ° C) to normal (ΔTP 0.3 ° C) [11] . Thus, it was hypothesized that VR presented substantial evidence of improvement, especially in upper limb indicating that VR allows the modulation of arm and hand functions through forced use during play.
In the BRI of the lower limbs, the attention level was continuously "alarming." This fact can be explained by the patient's difficulty in effectively coordinating all the demands of the activity with the required skills. Since the games required the focus to be on the upper limbs, it may have occurred that the patients paid selective attention to the upper limbs despite the therapist's constant commands to transfer weight equally to the lower limbs.
Thermal imaging has been widely used in medical practice for diagnostic purposes and monitoring of various physical disorders [17] . Several studies have used thermography in diagnostic cases of neoplasias [18] , muscle damage [19, 20] , ischemia in diabetes [21] , and evaluation and recovery of muscle function [17] . However, few studies have used this tool in the field of neurology and future research is suggested. Following analysis of the balance results, it was verified that VR can be an opportunity to retrain postural control essential in the composition of the therapeutic planning of rehabilitation. Considered a technique based on biofeedback, it has presented positive evidence for the improvement of motor control capacity allowing a better perception of body movements. The greater the significant increase in the Berg balance scale score, the lower the likelihood of falls and the greater the degree of body control of the subject [13] . According to Bassett et al. [22] , in the range of 56-54 points, each lesser point is associated with a 3-4% increase in the risk of falls. From 54 to 46, a change in 1 point is associated with a 6-8% increase in the odds and below 36 points, the risk of falls is almost 100%. After the interventions, scores increased by an average of 6.5 points, which is indicative of a significant improvement in body balance and a decrease in the risk of falls. For functional independence, there was a significant difference in FIM pre-and post-intervention scores, thus suggesting that the use of VR can be effective in regaining function after stroke. This result indicates that although the exercises were not directly executed to favor self-care, this improvement may be associated with maximization of balance and body symmetry [23] .
According to previous studies [7] , there was a positive association between training with VR and improvement in the performance of basic and instrumental activities of daily living as well as a significant reduction in everyday tasks. This may be explained by the large number of repetitions and specific movements that are associated with continuous biofeedback, contributing to motor learning.
It is possible to infer that the improvement in functionality is directly related to the improvement in the learning retention process observed throughout the intervention protocol, particularly stimulated by the learning transfer phase followed by exposure to VR.
The application of VR allied to occupational therapy significantly improved balance and functionality albeit with a small improvement in body symmetry. The application of VR in the therapeutic sessions was identified as an adequate resource adapted to individualized patient needs. However, it is recommended that this be used as an auxiliary resource and not as a substitute for the conventional therapeutic session. In addition, VR provides the patient with greater engagement motivation and involvement in therapy.
Our study had some limitations. The sample number was limited to 10 participants. Originally, we started evaluations with a larger number of participants. However, they had difficulties arriving at the place of attendance for the sessions, and the research took a long time to be completed. Behavioral assessments of balance and functionality, although widely used in clinical practice, may present subjectivity in application and interpretation. Because of that, we suggest the use of equipment such as the balancing platform and applications of complementary scales of functionality, based on the International Classification of Functioning, Disability and Health.
Future Research Lines
The use of technologies to assess and treat conditions of disability has been widely disseminated among health professionals. In the practice of rehabilitation, uniting knowledge of related areas such as engineering can be useful not only to reliably identify problems in bodily functions but also to prove the efficacy of therapeutic techniques since, until then, they were considered empirical. The thermography (used in the evaluation) and the VR (in the treatment) maximized the conventional therapeutic action and offered the professional and the patient modernity of easy access.
